Introduction
============

Small cell lung cancer (SCLC) accounts for nearly 15% of new lung cancer cases and for about 25% of lung cancer deaths annually.[@b1-ott-8-2209] Although the efficacy of chemotherapy for SCLC may be as high as 80%, the 1-year and 2-year survival rates are only 35%--45% and 10%--20%, respectively.[@b2-ott-8-2209] The long-term prognosis is very poor. Chemotherapy plays a key role in the treatment of extensive-stage SCLC (E-SCLC), in that it not only alleviates symptoms but also prolongs survival in most patients.[@b3-ott-8-2209],[@b4-ott-8-2209] Etoposide and cisplatin (EP) is a classic chemotherapy regimen and is very widely used.[@b5-ott-8-2209],[@b6-ott-8-2209] The traditional standard treatment for E-SCLC is etoposide and cisplatin, and this combination alternating with a regimen of cyclophosphamide, doxorubicin, and vincristine yields a median survival of 8--10 months and a 2-year survival rate of 10%. Some newer agents, including the taxanes, vinorelbine, gemcitabine, topotecan, and irinotecan have shown significant activity in single use. However, in the last decade, a large number of platinum-based combination therapies tested in Phase III trials failed to demonstrate efficacy superior to that of EP, until the advent of irinotecan.[@b7-ott-8-2209] In 2000, the Japan Clinical Oncology Group reported a randomized clinical trial (JCOG-9511) of 154 patients with E-SCLC treated with irinotecan in combination with cisplatin (IP) or EP as first-line treatment. Median overall survival (OS) was significantly longer in the IP group than in the EP group (12.8 months and 9.4 months, respectively, *P*\<0.002).[@b8-ott-8-2209] This was the first trial in over 20 years to demonstrate a significant improvement in survival using a regimen other than EP. Hermes et al subsequently reported that IP not only improved quality of life scores but also prolonged survival in patients with E-SCLC,[@b9-ott-8-2209] and a further clinical trial demonstrated that IP could improve PFS compared with less toxicities in E-SCLC.[@b10-ott-8-2209],[@b11-ott-8-2209] Therefore, the National Comprehensive Cancer Network guidelines added the IP protocol as a first-line therapy for patients with E-SCLC. However, two subsequent randomized studies conducted in the USA, Canada, and Australia failed to demonstrate a difference in OS between their IP and EP treatment arms, so the role of the IP regimen remains controversial in patients with E-SCLC.[@b12-ott-8-2209]

Irinotecan and etoposide have demonstrated improvement in survival when combined with cisplatin in first-line and second-line therapy. As we have discussed above, these two drugs may be only effective but difficult to choose in clinical. EP and IP are both effective regimens in the treatment of SCLC, but limited information is available concerning their optimal sequential order. In this retrospective study, we compared the efficacy and safety of IP and EP when used as first-line therapy in E-SCLC, and given the tendency of SCLC to relapse, we also attempted to identify the optimal sequence of IP and EP when treating patients with the disease.

Methods and materials
=====================

Patient characteristics
-----------------------

In this study, follow-up data were analyzed for 93 patients treated for E-SCLC in the oncology department at Tongji Hospital between January 2011 and November 2013. Histopathological specimens was obtained by fiberoptic bronchoscopy, computed tomography (CT)-guided transthoracic needle aspiration, or cervical lymph node biopsy. The pathological diagnosis of SCLC was reviewed and confirmed by two separate pathologists using the Veterans Administration Lung Study Group staging system to identify E-SCLC.

The study inclusion criteria were Eastern Cooperative Oncology Group score 0 to 2; essentially normal routine blood, liver and kidney function tests before treatment; assessable disease; and written informed consent. The patients were assigned to receive IP until progression and then EP (group A) or the reverse treatment sequence (group B, [Table 1](#t1-ott-8-2209){ref-type="table"}).

The study was approved by the medical ethics committee of Tongji Hospital, Tongji Medical College of Huazhong University of Science and Technology. All patients enrolled in this study provided written informed consent.

Chemotherapy
------------

IP consisted of irinotecan (60 mg/m^2^ intravenously on days 1, 8, and 15) and cisplatin (75 mg/m^2^ intravenously on days 1) every 4 weeks. EP consisted of etoposide (100 mg/m^2^ on days 1--3) and cisplatin (75 mg/m^2^ intravenously on day 1) every 3 weeks. Antiemetic prophylaxis with a 5-hydroxytryptamine 3-receptor antagonist was administered routinely. The dose of cisplatin could be divided into three days use depending on the patient's performance status and their ability to tolerate chemotherapy. The doses of irinote-can, etoposide, and cisplatin could be adjusted according to the severity of adverse events.

Follow-up visits
----------------

A physical examination, full blood count, and hepatic and renal function tests were performed before each cycle of chemotherapy. Measurable lesions were evaluated at baseline by CT scan. A CT scan was repeated for every two cycles of chemotherapy or adjusted according to illness.

After 3 months of systemic therapy, each patient underwent a contrast-enhanced CT scan of the chest or an ultrasound B mode or CT scan of the upper abdomen. All patients were provided with information on smoking cessation at the time of diagnosis. Follow-up was performed in hospital, in the outpatient clinic, and by telephone or email. Dates of first and second occurrence of tumor progression were recorded.

Study endpoints
---------------

The primary study endpoints were OS and the time to second tumor progression (TTsP). OS was defined as the interval between randomization and death from any cause and TTsP was defined as the interval between randomization and second relapse. The secondary study endpoints were first progression-free survival (PFS, ie, the interval between randomization and first occurrence of tumor progression after first-line treatment with IP or EP), tumor response, and safety. The Response Evaluation Criteria in Solid Tumors criteria were used to evaluate the tumor response. Adverse events were evaluated using National Cancer Institute Common Toxicity Criteria-Adverse Effect version 3.0.

Statistical analysis
--------------------

The data were analyzed using the Statistical Package for the Social Sciences version 18.0 software (SPSS Inc, Chicago, IL, USA). The survival curves, PFS curves, and TTsP were evaluated by the Kaplan--Meier method, and the groups were compared using the log-rank test. *P*\<0.05 was considered to indicate a statistically significant difference.

Results
=======

Overall survival
----------------

Median OS was 15.4 months (95% confidence interval \[CI\] 13.9--16.9) in group A and 15.7 months (95% CI 14.0--17.5) in group B; the difference between the two groups was not statistically significant (*P*=0.483, [Figure 1](#f1-ott-8-2209){ref-type="fig"}).

Time to second tumor progression
--------------------------------

The median TTsP was 9.5 months (95% CI 8.6--10.1) in group A and 9.9 months (95% CI 8.8--10.9) in group B. Significant difference was also observed between the two groups (*P*=0.361; [Figure 2](#f2-ott-8-2209){ref-type="fig"}).

First progression-free survival
-------------------------------

The median duration of first PFS was 6.5 months (95% CI 5.7--7.2) in group A and 6.3 months (95% CI 5.5--7.2) in group B; this difference was not statistically significant between the two groups (*P*=0.256; [Figure 3](#f3-ott-8-2209){ref-type="fig"}). The median delay between first PFS and the start of second-line chemotherapy was 21 days in group A and 15 days in group B.

Objective tumor response
------------------------

In first-line therapy, nine complete responses were achieved with IP (18.8%) versus eight complete responses with EP (17.8%). The disease control rates were 95.9% with IP versus 95.6% with EP (*P*=0.487). All patients enrolled in the study accepted second-line chemotherapy. Three complete responses were observed with EP (6.2%) and two complete responses with IP (4.4%). The disease control rates were 60% with IP and 59% with EP (*P*=0.514; [Table 2](#t2-ott-8-2209){ref-type="table"}).

Adverse events
--------------

There was one chemotherapy-related death in group A due to life-threatening hematological toxicity and delayed diarrhea. Grade 3/4 hematological toxicity was significantly more frequent with EP, and grade 3/4 diarrhea was significantly more frequent with IP. The frequency of adverse effects during first-line and second-line treatment in each group are summarized in [Table 3](#t3-ott-8-2209){ref-type="table"}. For the EP regimen, the incidence of grade 3/4 neutropenia in first-line treatment was significantly higher than that with IP, and the incidence of grade 3/4 diarrhea was significantly lower than that of IP. For the IP regimen, the incidence of grade 3/4 neutropenia was increased by second-line treatment, and diarrhea and thrombocytopenia had no difference between groups. The probability of anemia and thrombocytopenia was not statistically significant in the first-line and second-line treatment between two groups. In the two treatment groups, the patients accepted IP regimen as second-line treatment occurred 3/4 grade neutropenia was significantly higher than that of IP regimen as first-line therapy. At the same time, for the patients received the EP regimen as the first-line and second-line treatment, the incidence of grade 3/4 hematological and non-hematological toxicity changed little.

Discussion
==========

SCLC has a much worse biological behavior than non-SCLC, and the disease develops and metastasizes rapidly. Although SCLC is highly sensitive to radiotherapy and chemotherapy, the maintenance time is short, and most patients die within 2 years. About 70%--80% of patients with limited disease and almost all of those with extensive-stage disease develop progression or recurrence after several months. The original chemotherapy regimen also demonstrated ineffective. The response to second-line chemotherapy is highly relevant to the time from the beginning to the recurrence time after the first-line chemotherapy; the second-line treatment response rate is often less than 10% if this is less than 3 months, and often higher than 25% if it is more than 3 months. However, the evidence base concerning the value of second-line chemotherapy for relapsed SCLC is limited, and the role of targeted therapy in SCLC has not been confirmed. Therefore, there is an urgent need to identify an effective treatment for patients with refractory SCLC but otherwise good performance status.

The EP regimen is the first-line chemotherapy most commonly used for E-SCLC. The response rate for EP is 60%--80%, and the median patient survival was 8--10 months. Irinotecan is one of the S-phase cell cycle-specific drugs. It is metabolized to its active form, 7-ethyl-10-hydroxycamptothecin (SN-38), by carboxylesterase in the liver. SN-38 then exerts its cytotoxic effect by inhibiting topoisomerase I, which is required for DNA replication, thereby damaging single-stranded DNA and blocking DNA replication, resulting in inhibition of cell division and death of tumor cells.[@b13-ott-8-2209] The IP protocol of irinotecan and platinum drugs has been explored in SCLC. JCOG-9511, a Phase III trial of IP and EP in E-SCLC patients, showed that IP significantly prolonged survival compared with EP (12.8 months versus 9.4 months, *P*=0.002) in a first time.[@b8-ott-8-2209] This trial was terminated early because the IP group showed significant survival and safety benefits in the interim analysis. Schmittel et al and Hermes et al also reported that the IP scheme can improve OS and PFS in patients with E-SCLC.[@b9-ott-8-2209],[@b10-ott-8-2209] However, subsequent major studies conducted to confirm the superiority of IP did not yield positive results.[@b14-ott-8-2209],[@b15-ott-8-2209] In addition, a recent meta-analysis found that OS may be better with IP than with EP.[@b7-ott-8-2209] Differences in treatment outcomes between Asian and Western populations and the small patient population included were the main explanations put forward for the failure to observe a survival difference in JCOG-9511.

As a special pathological type, progress in the treatment of SCLC has been slow in the past few decades.[@b16-ott-8-2209] With the exception of IP and EP, emerging chemotherapy drugs, including targeted therapy and immune therapy, have not lived up to their initial promise in the treatment of SCLC.[@b17-ott-8-2209],[@b18-ott-8-2209]

Although IP and EP are both effective chemotherapy regimens for E-SCLC, there has been little research on the advantages and disadvantages of the sequential order of these therapies. EP and IP scheme in sequential order in the study of E-SCLC show that the two different sequential orders all showed better curative effect. The median survival time for the two groups was 15.4 months and 15.7 months, respectively, ie, higher than in JCOG-9511, and also higher than in the large clinical studies in the USA, Australia, and Canada, suggesting that EP and IP scheme of sequential treatment with more survival benefit. More importantly, the sequence of IP followed by EP, or the reverse order of EP followed by IP, failed to prolong survival. The short-term and long-term effects of the two groups were not significantly different, but the regimen with the least toxicity is preferred. Given some patients may not receive second-line treatment for physical or economic reasons, first-line chemotherapy is particularly important, and subsequent therapy after tumor progression may greatly influence OS.[@b19-ott-8-2209]

However, what is worth emphasizing is the adaptability of patients. For the patient first receiving the IP treatment in group A, severe lethality adverse, such as diarrhea, may make the patient fear the procedure. Intractable diarrhea may be very difficult to treat, which is demoralizing for the patient, and may adversely impact follow-up treatment method. Hematological toxicity may be easily managed using G-CSF or GM-CSF, enabling effective implementation of the treatment plan. This may explain why OS in group B was a little longer than in group A in our present study. Although no significant difference was found between the two groups, we still pay more attention to the little difference. Uridine diphosphate glucuronosyltransferase (UGT)1A1 has played an important role in the metabolism of irinotecan. Extensive research attention had paid to the correlation between UGT1A1 gene polymorphisms and irinotecan-related delayed diarrhea and neutropenia, and since 2005 the US Food and Drug Administration has required that testing for UGT1A1\*28 as a risk factor for severe adverse events be included on the irinotecan label.[@b20-ott-8-2209] In routine clinical practice, analysis of UGT1A1 polymorphism should be recommended to guide the use of irinotecan.[@b21-ott-8-2209]

Our study found that IP produced less grade 3/4 hematological toxicity but more grade 3/4 diarrhea than EP. The incidence of 3/4 grade neutropenia when using EP as first-line treatment was significantly higher than when using IP (56% in group B versus 29% in group B, *P*=0.015), and the incidence of 3/4 grade diarrhea was significantly lower when using EP than when using IP (33% in group A versus 16% in group B, *P*=0.012); 3/4 grade neutropenia occurred significantly more often in patients receiving IP as second-line treatment than in those receiving IP as first-line therapy, whereas the incidence of 3/4 grade hematological and non-hematological toxicity was similar in those receiving EP as first-line or second-line treatment. Although the overall PFS was similar between the two groups, group A showed a slight advantage compared with group B. Therefore, the IP regimen may be an alternative to the EP regimen in first-line treatment of E-SCLC. In terms of side effects, it is suggested that the toxicity of IP as a first-line treatment is less, and that a protocol of IP followed by EP is the preferred sequential program.

In summary, the short-term and long-term effects of these two sequential treatments for E-SCLC is similar, but the toxicity of IP as first-line treatment is less. However, considering adverse events and patient compliance, irinotecan should be used cautiously in patients carrying abnormal UGT1A1 gene polymorphism. But only consider the first-line treatment of E-SCLC IP remains an appropriate choice. Large, randomized, double-blind, prospective studies are still necessary.
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###### 

Clinical characteristics of the two groups

  Item                            Group A n (%)   Group B n (%)   *P*-value
  ------------------------------- --------------- --------------- -----------
  Number                          48              45              
  Sex                                                             0.392
   Male                           30 (62.5)       28 (62.2)       
   Female                         18 (37.5)       17 (37.8)       
  Age (years)                                                     
   Median value                   56              57              0.516
   Range                          31--68          34--70          
  ECOG score                                                      
   Median value                   1               1               
  Smoking                                                         
   Yes                            28 (58.3)       25 (55.5)       0.417
   No                             20 (41.7)       20 (44.5)       
  LDH                                                             
   ≤225 IU/L                      19 (39.6)       18 (40.0)       0.562
   \>225 IU/L                     29 (60.4)       27 (60.0)       
  NSE                                                             
   ≤16 µg/L                       6 (1.3)         4 (0.9)         0.543
   \>16 µg/L                      42 (97.7)       41 (99.1)       
  SIADH                                                           
   Yes                            39 (81.3)       38 (84.4)       0.879
   No                             9 (18.7)        7 (15.6)        
  Chemotherapy cycle first-line                                   
   Median value                   5               5               
  Metastatic sites                                                
   Liver                          12 (25.0)       10 (22.2)       0.731
   Bone                           10 (20.8)       8 (17.8)        0.582
   Brain                          20 (41.7)       18 (40.0)       0.696
   Other                          6 (12.5)        9 (20.0)        0.542

**Note:** Patients received IP until progression and then EP (group A), or the reverse treatment sequence (group B).

**Abbreviations:** ECOG, Eastern Cooperative Oncology Group; LDH, lactic dehydrogenase; NSE, neuron-specific enolase; SIADH, syndrome of inappropriate secretion of antidiuretic hormone.

###### 

Short-term therapeutic effect of the two sequences

       First-line   Second-line                    
  ---- ------------ ------------- ------ ---- ---- ------
  CR   9            8             0.92   3    2    0.45
  PR   31           28            0.63   14   10   0.66
  SD   6            7             0.47   12   15   0.24
  PD   2            2             0.28   20   18   0.52

**Note:** Patients received IP until progression and then EP (group A, n=48), or the reverse treatment sequence (group B, n=45).

**Abbreviations:** IP, irinotecan/cisplatin; EP, etoposide/cisplatin; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

###### 

Adverse events according to sequential order of treatment

                     First-line   Second-line                     
  ------------------ ------------ ------------- ------- ---- ---- -------
  Anemia             2            5             0.249   6    9    0.195
  Neutropenia        11           23            0.015   22   26   0.486
  Thrombocytopenia   9            7             0.316   12   9    0.238
  Diarrhea           10           2             0.012   11   4    0.017

**Note:** Patients received IP until progression and then EP (group A), or the reverse treatment sequence (group B).

**Abbreviations:** IP, irinotecan/cisplatin; EP, etoposide/cisplatin.
